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Development of Biosensors Using Hyperthermophilic Enzymes as an Element: 
Functional Analysis of Polyamine Metabolizing Enzymes and Development for Enzyme 
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Toshihisa OHSHIMA* 
 
An amperometric enzyme sensor give us higher sensitivity and specificity for the substrate 
determination.   In spite of advantages of enzyme sensor, many enzymes so far found have been too 
labile to use as biosensor elements in artificial circumstances for a longer period.   
Hyperthermophiles, which can grow above 90℃, have been known to produce much more stable 
enzymes under various artificial conditions.   In this work, we carried out screening, biochemical 
characterization and improvement of production for hyperthermostable enzymes which are more useful 
as the elements in the biosensors.   We focused on the polyamines as one of the substrates of 
biosensors.   Polyamines have been known to play many important roles in cell proliferation, 
differentiation and transformation.   The concentration of the polyamines together with their acetyl 
conjugates remarkably increases in the biological fluids and the affected tissues of cancer patients.   
Therefore, their polyamines are listed as tumor markers.   Gas and ion chromatographies have been 
so far used for polyamine determination, but have some problems from the aspects of high sensitivity 
and easy operation.  Thus, we here developed biosensors using hyperthermostable enzymes for 
polyamine determination.  Such enzyme sensors are more useful for the simple and rapid 
determination of polyamines and application for clinical analysis and food analysis   In addition, we 
tried the construction of biosensor using the hyperthermophilic enzyme, D-Proline dehydrogenase.   
As the results, we found the thermostable agmatinase and spermidine dehydrogenase in 
hyperthermophiles, Pyrococcus horikoshii and Sulfolobus tokodaii, respectively. We succeeded the 
construction of novel amperometric sensor for D-proline determination using D-Proline dehydrogenase 
derived from Pyrobaculum islandicum.  
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超好熱菌 Pyrococcus horikoshii 由来 Agmatinase
の単離・精製・機能解析（６） 












Agmatine + H2O → Putrescine + Urea 
 
Urea+Diacetyl Monoxime → Pink Chromogen + Hydroxylamine 
     (A526nm) 
 
好 気 性 超 好 熱 菌 Sulfolobus tokodaii 由 来



























研磨を施した Au電極を、2 mol dm-3 KOH中で 1
時間洗浄(80℃) し、さらに、0.5 mol dm-3 HNO3
で 30分間超音波洗浄した。この電極を 10 mmol 
dm-3 オクタンチオール（OT）のエタノール溶液




している。(8) D-Proline, Potassium chlorideは関東
化学製を用いた。メディエータとしてベンゾキノ
ン(キシダ化学)、2,6－ジクロロインドフェノール










P. horikoshii由来の Agmatinaseの機能解析 


























SDS-PAGE 法により34 kDa であったことから、本酵
素はホモ４量体構造をとることが明らかとなった。大
図２ Agmatinase遺伝子の相同性検索 


























S. tokodaii由来 SpeDHの単離 












検討を行った。測定溶液は 1 mmol dm-3電子メデ
ィエーター、支持電解質 100 mmol dm-3 KClおよ
び 25 µl D-ProDHを含む pH 7.07 リン酸緩衝液液








その結果、BQ および DCIP に関しては触媒酸





























は支持電解質 100 mmol dm-3 KClおよび 1 mmol 
dm-3 BQを含む pH 7.07の PBSを用いた。温度 20 






























中に1 mmol dm-3 BQ もしくはDCIP、100
mmol dm-3 KCl, 20 mmol dm-3 D(+)-proline
(50℃)。(a)25 ml D-Pro DHなし(b)25 ml D-Pro 
DHあり。走査速度は10 mV s-1 




























D-Pro に対する Km 値は 2.17 mmol dm-3
（2.17mM）であった。遊離酵素の D-Proに対
する Kmは 4.2mMであるので、固定化酵素の
D-Pro 対する Km がより小さいことになり、
基質に対する親和性が少し高いことが判明し
た。D-Pro濃度と電流値の直線関係から本酵素
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試料：pH 7.07 PBS中に 100 mmol dm-3 KCl, 1 
mmol dm-3 BQ, 20 mmol dm-3 D-prolineを含む。 






D-ProDH ： OT-Au 固 定 化 電 極 (a) 、
Lineweaver-Burk plot (b) 
試料：pH 8.0 PBS中に 100 mmol dm-3 KClと
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Km = 2.17 mmol dm-3 
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